Background Increased infection risk in inflammatory rheumatic diseases may be due to inflammation or immunosuppressive treatment. The influence of tumor necrosis factor (TNF) inhibitors on the risk of developing surgical site infections (SSIs) is not fully known. We compared the incidence of SSI after elective orthopedic surgery or hand surgery in patients with a rheumatic disease when TNF inhibitors were continued or discontinued perioperatively.
Patients with rheumatoid arthritis (RA) are at increased risk of developing infections (Doran et al. 2002) . Age, co-morbidities, and a range of disease-related factors have been found to predict infection (Doran et al. 2002) . TNF (tumor necrosis factor) inhibitors have been used for RA since 1997 , and today they are also used for ankylosing spondylitis, juvenile idiopathic arthritis, psoriatic arthritis, psoriasis, and inflammatory bowel disease (Feldmann and Maini 2002) . TNF inhibitors are thought to increase the risk of developing infections, and there might be a higher frequency of skin and soft tissue infections compared to treatment with other disease-modifying anti-rheumatic drugs (DMARDs) (Dixon et al. 2006) . Meta-analyses and observational studies have shown that treatment with TNF antagonists is associated with an increased risk of developing serious infections (Listing et al. 2005 , Bongartz et al. 2006 , Leombruno et al. 2009 ) and hospitalization with infections (Askling et al. 2007 ). Other studies, however, have shown contrary results (Dixon et al. 2006) . Prospective data on perioperative infection risk have not shown an increased risk with methotrexate (MTX), and it is generally not withheld in the perioperative period from patients who benefit from it (Grennan et al. 2001 , Scanzello et al. 2006 . Data on the effect of TNF blockade, and of perioperative continuation or withholding of this treatment, on the risk of surgical site infection (SSI) is conflicting (Bibbo and Goldberg 2004 , Talwalkar et al. 2005 , Wendling et al. 2005 , Giles 2006 , den Broeder et al. 2007 , Gilson et al. 2010 , Momohara et al. 2011 , Suzuki et al. 2011 .
The incidence of postoperative infections is 0.5-6.0% depending on the center, the type of surgery, and the site of surgery (Bongartz 2007) . Rheumatic patients, however, are at greater risk of developing postoperative infection (Poss et al. 1984 , Bongartz et al. 2008 , Schrama et al. 2010 . The British Society for Rheumatology Biologics Register has shown a doubled risk of septic arthritis generally in patients with RA and anti-TNF therapy, compared to RA patients treated with non-biological DMARDs (Galloway et al. 2011) . Although there is no clear evidence of biological DMARDs causing more surgical infections, rheumatological organizations of many countries recommend that they should be withheld perioperatively (Pham et al. 2005 , den Broeder et al. 2007 , Saag et al. 2008 , Ding et al. 2010 .
On Jan 1, 2006, new local guidelines were introduced at the Departments of Rheumatology and Orthopedics at Lund University Hospital, stating that TNF inhibitors should not be discontinued perioperatively. We have now compared the incidence of SSI after elective orthopedic surgery or hand surgery in patients with inflammatory rheumatic diseases in [2003] [2004] [2005] , when TNF inhibitors were discontinued perioperatively, with that after Jan 1, 2006.
Subjects and methods

Patients
Lund University Hospital recruits inflammatory arthritis patients from primary and secondary care, but with occasional regional tertiary and national quaternary referrals. There are approximately 300 elective orthopedic and hand surgery procedures per year in rheumatic patients. About half of them are admitted to the rheumatic ward and half to the orthopedic ward.
All rheumatic patients admitted to the Departments of Rheumatology and Orthopedics, Lund University Hospital, undergoing elective orthopedic or hand surgery between January 1, 2003 and September 30, 2009 were enrolled in this study. The patients admitted to the rheumatic ward were examined 1-4 weeks before surgery (baseline) and the information was entered into a database. The data collected at baseline included patient demographics, diagnosis, disease duration, and current and previous anti-rheumatic therapy. Swollen and tender joint count, the health assessment questionnaire (HAQ) (Ekdahl et al. 1988) , patients visual analog scale (VAS) for global health and pain, the evaluators global assessment of disease activity (5-grade Likert scale), ESR, and C-reactive protein (CRP) values were recorded, enabling calculation of disease activity score in 28 joints (DAS28) (www.das28.nl 2011) and clinical disease activity index (CDAI) (Aletaha and Smolen 2005) . Data for the patients admitted to the orthopedic ward were collected from the medical records and included demographics, diagnosis, and current anti-rheumatic therapy. All patients were followed with a view to having 6 months of follow-up, and postoperative complications were recorded, especially infections.
Infections were classified as superficial, deep, or organ-/ space-related SSI, according to the 1992 US Centers for Disease Control (CDC) definitions of nosocomial SSI. The infection should have occurred within 30 days of surgery (1 year with foreign material) and there should have been at least 1 of: (1) purulent drainage, (2) positive culture (superficial) or evidence of infection found by direct, histological, surgical, or radiological examination (deep), (3) requirement of reopening of the surgical site, or (4) SSI diagnosed by the surgeon or attending physician (Horan et al. 1992) . The infection cases were controlled and classified according to these definitions by one of the authors (EB). Medical records for patients lacking postoperative follow-up in Lund were scrutinized for infectious complications, and patients without medical follow-up were excluded from the analysis (Figure 1 ).
Surgical procedures
The procedures were divided into 4 groups depending on the type of surgery: foot, hand, implant, and other. In the foot group we included all surgeries except ankle prostheses, whereas implants (mainly silicone interposition) in the hand were included in the hand group. The implant group comprised procedures where prosthetic material was implanted in a great/medium-sized joint, mostly with cement, irrespective of whether it was revision arthroplasty or a primary procedure. The "other" group included mainly arthrodesis, synovectomy, and soft tissue procedures at sites other than the hand or foot. Internal fixation, with screws for example, was not regarded as implant surgery. All procedures were, however, analyzed according to the same protocol regarding postoperative follow-up and development of infections.
In arthroplasty of the hip, knee, ankle, shoulder, and elbow, 3 doses of Cloxacillin (2 g intravenously or 600 mg Clindamycin in allergic subjects) were given, the first dose was aimed to be given 30 min before surgery. In foot or ankle arthrodesis, osteotomy, and other procedures, 1 dose was aimed to be given 30 min before surgery.
Study design
This was an observational, non-randomized, single-center . Multiple surgical interventions performed simultaneously at different joint locations (e.g. joint replacement in both hips) on the same patient were treated as individual procedures in the analysis, while all hand/foot surgery was treated as one procedure regardless of different surgical components, as long as only one hand or foot was operated on. In patients with more than one operation, subsequent procedures were weighted using the generalized estimating equation to handle correlated data (Liang et al. 1986 , Prentice 1988 . All p-values of < 0.05 were considered statistically significant. Differences in infection rates between the groups were analyzed using chi-squared test and Fishers exact test as appropriate. Binary, logistic regression models were used to investigate potential risk factors for postoperative SSI, with all SSIs (superficial and deep) being the dependent variable. Age at surgery, disease duration at surgery, ongoing treatment with prednisolone (yes/no), MTX (yes/no), biological DMARDs (yes/no), HAQ, and CDAI were chosen a priori for the multivariable analysis. Other variables tested univariably (crosstables for ordinal and Mann-Whitney U-test for continuous variables) included sex, ESR and CRP, ongoing DMARDs other than MTX, TNF inhibitors, and the combination of all biological DMARDs and MTX. Only a priori selected variables with indication of differences between groups A and B were entered in the regression model. Furthermore, groups A and B were combined in the model due to low event rates. Analyses were carried out using SPSS Statistics 17.0 for Windows and SAS for multiple correlation weighting (SAS Institute 2011).
Results
1,596 elective orthopedic and hand procedures were performed on 892 patients. 10 procedures in 9 patients had infection as indication for surgery, and 33 procedures lacked follow-up-24 in group A and 9 in group B-and they were excluded from the SSI analyses. 29 cases lacking drug data were excluded from the drug analyses. Thus, 1,553 procedures were included in the main analysis of SSI and 1,524 were included in the drug analyses (Figure 1 ). In the period 2003-2005 (group A), when TNF inhibitors were discontinued before surgery, 872 procedures were performed. In the period 2006-2009 (group B) , with continuation of anti-TNF treatment, 681 procedures were executed. In group A, there were 270 procedures (32%) on patients with TNF inhibitors and the corresponding number in group B was 243 (36%). Mean follow-up time was 5.3 (SD 4.5) months and the median was 8.5 months.
Apart from the fact that there were more patients on MTX and anti-TNF agents and that there was longer disease duration before surgery in group B, there were no major differences between the groups. RA was the diagnosis for around two-thirds of patients in each group (Table 1 ). The types of surgical procedures are given in Table 2 .
The total SSI rates, both superficial and deep, were 25 (3.0%) in group A and 35 (5.3%) in group B (Figure 2 ). Only 1 patient had an organ/space-related SSI, septicemia 2 weeks after osteotomy of the ankle. When comparing the infection rates within the subgroups foot, hand, implant, and other using univariable analysis, the difference only reached significance in the foot group (Figure 2 and Table 3 ). There was no significant association between infection rates and medical treatment; however, treatment with MTX and also treatment with non-biological DMARDs other than MTX showed a tendency to increase the risk of SSI in group B when tested univariably (Table 4) .
In group A, 17 cultures were performed and all of these were positive. In group B, 26 cultures were performed and 21 of these (80%) were positive. The most frequent pathogen found was S. aureus; it was found in over half of the cases.
Significant predictors of SSI using univariable analysis were: age at surgery and disease duration at surgery in group A, and in groups A and B combined. These variables were combined in a binary, logistic regression model together with treatment options to form a detailed analysis of factors influencing the risk of SSI, combining groups A and B. When we included an interaction term between MTX and biological DMARDs in the regression model, the interaction effect of MTX and biological DMARDs had a lower multiplicative effect than expected. The expected odds ratio (OR) was about 6 and the observed OR was 0.21. Age at surgery, divided into strata of 5 years (OR = 1.2, 95% CI: 1.03-1.32) reached statistical significance, but the different treatment options, including prednisolone, did not. Treatment with biological DMARDs per se was not a risk factor for infection in this analysis; nor were measures of disease activity (not significant in univariable analysis). Sensitivity analyses using uncorrected event weight per procedure in individual patients yielded an almost significant OR (0.61, 95% CI: 0.37-1.02; p = 0.06), whereas only using first procedure per patient did not (OR = 0.69, 95% CI: 0.34-1.37; p = 0.3) ( Table 5) . a In group A, 6 patients were treated with anakinra, and 1 with rituximab. In group B, 11 patients were treated with rituximab, 4 with anakinra, 1 with abatacept, and 1 with tocilizumab. b Diagnosis was missing in 1 patient in group A and in 2 patients in group B. Gilson et al. 2010 , Kawakami et al. 2010 , Momohara et al. 2011 , Suzuki et al. 2011 , 1 small study did not show elevated infection rates in foot and ankle surgery (Bibbo and Goldberg 2004) . 4 of the studies identified an increased risk of SSI during treatment with anti-TNF agents (Giles et al. 2006 , Gilson et al. 2010 , Kawakami et al. 2010 , Suzuki et al. 2011 . The studies mentioned were mostly underpowered to detect small differences in infection rates, they had different designs precluding head to head comparison, and the observational setting may have caused selection bias which could go in either direction. TNF inhibitors may have been prescribed to the patients with the most aggressive RA, and therefore in those who were most susceptible to infections, or physicians may have avoided using anti-TNF agents in cases with the highest infection risk.
Besides simplifying the perioperative routines, the introduction of our new local guidelines in 2006 was also an attempt to challenge the view that TNF inhibitors-given their important role in defense against bacterial infection-would elevate SSI rates in clinical practice. We cannot rule out this possibility, but our data lend little support for such a conclusion. There are few data in the literature on SSI risk in relation to TNF inhibitors, and some of them are conflicting. The almost universal policy of discontinuation of anti-TNF is thus based on the principle of prudence, and on expert opinion. On the other hand, MTX is generally considered to be harmless regarding SSI risk, and in most centers including ours, it is not discontinued before surgery. This practice is based on 1 unconfirmed randomized controlled trial (Grennan et al. 2001 ). According to our regression model, however, even though the ORs are modest, the combination of MTX and TNF blocker appears to protect against SSI, whereas MTX and possibly other DMARDs almost emerged as a risk factor in group B (Table 4) .
Notwithstanding the study by Grennan et al. on MTX and risk of SSI, one could speculate that in some settings, MTX may contribute to risk of SSI to a greater extent than TNF inhibitors. We did not identify biological DMARDs to be a risk factor for SSI in the multivariable analysis, as has been suggested by previous studies (Giles et al. 2006 , Gilson et al. 2010 , Kawakami et al. 2010 , Suzuki et al. 2011 . Interestingly, the multivariable analysis did not support an expected potentiating effect of the combination of biological therapy and MTX in development of SSI, rather the contrary. The roles of conventional DMARDs and TNF inhibitors in contributing to SSI risk require further investigation. Our finding of age as being a predictor of SSI is in line with the work of Doran et.al. (2002) , but we could not identify treatment with prednisolone as a risk factor for development of SSI, as found in previous studies (Grennan et al. 2001 ). High doses of prednisolone, which are often needed in a flare-up, e.g. after discontinuation of TNF inhibitors, have been suggested to be a risk factor for developing postoperative infection (Pappas and Giles 2008, Gilson et al. 2010) . Our study patients were mostly on low, stable doses of prednisolone, but on the other hand we did not register postoperative flares and short-term increases in prednisolone dosage. However, measures of disease activity at baseline did not influence the risk of SSI.
The present study had limitations. Firstly, the low number of infectious events precluded subgroup analysis. The limited number of SSIs required combination of the 2 groups in the multivariable analysis. Secondly, multiple procedures were performed in some patients. Thus, patients with increased infection risk may have contributed with several infectious events. To compensate for these non-independent observations, we employed the generalized estimating equation to handle correlated data (Liang et al. 1986 , Prentice 1988 . In the sensitivity analysis, treating all procedures with equal weight, the SSI risk in group B tended to be overestimated, almost reaching statistical significance. This was not the case in the main analysis. Furthermore, analyses performed only on the first operation of every patient gave similar results (Table  5) . Thirdly, we did not prospectively assemble information on previous SSI and co-morbidities such as diabetes mellitusfactors that have previously been shown to be predictors of SSI (Hämäläinen et al. 1984 , Grennan et al. 2001 , Doran et al. 2002 , den Broeder et al. 2007 ). Fourthly, one can speculate that our results with more infections in group B may have been due to secular trends. Rheumatologists may have become more comfortable with anti-TNF treatment, thereby starting treatment in more severely ill patients, which would result in an increasing number of infectious events. In our setting, however, more patients were started on treatment early in the course of their disease in 2006 than in previous years (Soderlin and Geborek 2008) . Furthermore, the 1992 CDC definitions of nosocomial SSIs are not strict enough to provide sufficient guidance in the diagnostics of SSI, and they have not been validated for elective orthopedic surgery such as arthroplasty (Bongartz 2007) . We nevertheless found them suitable for our study. Finally, our results may not be able to be extrapolated to strict RA populations, since we included various rheumatological diagnoses. However, the diagnoses were ascertained by rheumatology specialists. On the other hand, we have had the benefit of close patient follow-up and continuity in personnel and surgical routines such as perioperative use of antibiotics, ensuring almost complete follow-up. The 33 dropouts (2.1%) involved some patients of tertiary referral character and also a number of relatively minor surgical interventions not requiring regular long-term follow-up.
In conclusion, we have found higher total SSI rates in patients continuing anti-TNF treatment perioperatively than in those not continuing this treatment, possibly due to low frequency of SSI in the latter group. No medical treatments, including TNF inhibitors, were found to be significantly associated with SSI risk, but there tended to be an increased risk with methotrexate. In view of our findings and other evidence available, the routine of continuing anti-TNF treatment perioperatively is maintained at our center. Further research will be required to provide a proper basis for discontinuation of drugs in the context of elective orthopedic surgery and hand surgery in patients with rheumatic disease.
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